Objective: To evaluate the effects of single application of a conventional versus light-curable fluoride varnish (LCFV) on prevention of enamel demineralization during fixed orthodontic treatment over a 4 month period. Design: The research was designed as a split-mouth, randomized control trial (RCT). Methods: Twenty-two patients requiring fixed orthodontic treatment with premolar extractions were included in the RCT. In each patient, two diagonal quadrants (i.e. upper right and lower left, or vice versa) were randomly assigned to receive conventional fluoride varnish or LCFV. After allocation of one intervention, the other diagonal quadrants received the second intervention. At specific time intervals, premolars were extracted and sectioned, and the demineralized lesion was assessed in each group. Main outcome measures: The primary outcome was demineralized enamel lesion depth (DELD) at the end of 45, 90, and 120 days. Randomization: A simple complete randomization list using random allocation rule (restricted randomization) was computer generated to ensure homogeneity of application of conventional or LCFV to each contralateral quadrant in a split-mouth design. Allocation concealment was not employed. Blinding: Blinding was done only for outcome assessor because of clinical limitations. Results: Twenty-two patients with 88 teeth were enrolled in the trial. After excluding the dropouts, primary analysis was performed on 66 teeth distributed among two interventional groups. Mean difference between DELD among two groups was 36.6 µm [95 per cent confidence interval (CI) 34.61-38.55] and 58.5 µm [95 per cent confidence interval (CI) 55.65-61.43] at 90 and 120 days, respectively. Cluster level analysis performed by Paired t-test showed that DELD was significantly higher (P < 0.001) in the conventional fluoride varnish group at the end of 90 and 120 days as compared to LCFV group. No adverse effect was observed in any patient.
Introduction
Accumulation of plaque around orthodontic brackets places the adjacent enamel at high risk to enamel demineralization. Elevated levels of acid producing bacteria initiates enamel demineralization in the surface and subsurface layers of the enamel. The development of white spot lesions (WSLs) during orthodontic treatment with fixed appliances remains an unwanted clinical problem with a reported incidence of 15-85 per cent (1) (2) (3) (4) . Most studies have found either the maxillary laterals (5) or canines (6, 7) to be the most commonly affected teeth. In the mandibular arch, the canines have routinely been found to be the most susceptible. The frequency of WSLs by segments revealed that the highest percentage of incidence was found in the maxillary anterior and mandibular posterior segments 15.3 per cent and 14.1 per cent, respectively. The frequency of white spots for each tooth in the dentition were reported to be highest for maxillary lateral incisors (23 per cent) followed by mandibular canines (18 per cent) and mandibular first premolar (17.5 and) , respectively. Maxillary premolars were affected to a less significant effect (5) . In order to prevent this enamel demineralization around the brackets, fluorides have been routinely recommended. Fluoride dentifrices, rinses, gels, varnish, and other forms of fluorides coupled with regular reinforcement of oral hygiene and dietary advice throughout the course of treatment can reduce the incidence of WSLs significantly. However, many of these methods rely on patient compliance and hence can affect the outcome of orthodontic treatment.
Among the conventional methods of fluoride application, fluoride varnishes are the preferred method of topical application as they are less dependent on patient compliance. Many studies including RCTs (8, 9 ) and a systematic review (10) have recommended the routine use of fluoride varnish during fixed orthodontic treatment. Currently, fluoride varnish application is being used in conventional and light-curable form. Conventional fluoride varnish have to be applied topically and a very widespread regimen ranging from once every two weeks to four applications a year has been advocated (11) (12) (13) (14) (15) . Repeated application is required to maintain their effectiveness.
With the introduction of light-curable fluoride varnish (LCFV), it has been suggested that this frequent application can be reduced considerably. Although the literature on LCFV and their preventive role in fixed orthodontic therapy is quite scant, lately there has been a surge in the studies on LCFV because of their longer duration of action and ability to resist more tooth brushing strokes without being worn off. Mehta et al. (16) in a prospective clinical trial concluded that a single application of LCFV can provide 100% protection for up to four months when compared to no intervention group. Kumar Jena et al. (17) also reported that LCFV had a favourable effect in prevention of WSLs during comprehensive orthodontic treatment.
To the best of our knowledge, no in vivo study has directly or indirectly compared the effect of conventional and light-curable fluoride varnish on enamel demineralization during orthodontic treatment. Therefore, the prime objective of this study was to compare the effects of single dose topical application of conventional and light-curable fluoride varnish in prevention of enamel demineralization during fixed orthodontic treatment over a 4 month period.
Specific objectives or hypotheses
The null hypothesis was that there is no difference between single application of conventional and light-curable fluoride varnish application in prevention of enamel demineralization during fixed appliance therapy.
Material and Methods

Trial design and any changes after trial commencement
The research was designed as a split-mouth, randomized control trial with each of the participant receiving both the interventions in two diagonal quadrants (i.e. upper right and lower left or vice versa).
Participants, eligibility criteria, and setting Twenty-two participants from both sexes belonging to South India were enrolled at the postgraduate orthodontic clinic of Hyderabad Karnataka Education Society, S Nijalingappa Dental College, Gulbarga, Karnataka, India from February 2010 to July 2011. Eligibility criteria to enrol subjects were: age range 13 to 30 years; need of fixed orthodontic treatment with first premolar extractions, patients should consent for all first premolar extractions, all first premolars fully erupted and an intact buccal surface with no structural defects; absence of clinical evidence of demineralized lesions or fluorosis; and no history of previous orthodontic treatment. The patients were evaluated during a 4 month period and a written informed consent was obtained from each of them. The research protocol was approved by the ethical committee of the institution. Study was conducted in accordance with ICH-GCP and other regulatory guidelines.
Interventions
Before bracket bonding, prophylaxis of enamel surface was performed using a rubber cup, a non-fluoridated pumice paste and water at a low speed. Enamel surface was rinsed with water spray for 10 seconds and dried with compressed air for the same time. The centre of enamel on buccal surface of the premolar was etched using 37 per cent phosphoric acid gel (Total Etch™, Ivoclar Vivadent AG, Liechtenstein, Germany) for 15 seconds. After rinsing with water, enamel surface was dried with oil free compressed air. A layer of Transbond™ XT primer (3M Unitek, Monrovia, California, USA) was applied to the etched enamel surface. Stainless steel pre-adjusted edgewise premolar brackets having 0.022″ slot, MBT prescription (Gemini™, 3M Unitek) were positioned at the centre of clinical crown on buccal surface with Transbond™ XT light-cured adhesive paste. Any excess adhesive around the brackets was removed with a dental scaler and teeth were light-cured for 20 seconds. After bracket bonding, premolar on one interventional side were kept dried by careful tooth isolation and the enamel around the bracket surface received a single topical application of a conventional fluoride varnish (Duraphat™; Colgate-Palmolive, New York, NY) with the help of a brush applicator. Three minutes later, isolation was removed and the teeth were wet with mild air/water spray. Duraphat™ varnish is a 5 per cent sodium fluoride formulation in a viscous colophonium base. One millilitre of the varnish contains 50 mg of sodium fluoride (22.6 mg fluoride/ml). Similar method of drying and isolation was employed on the opposite interventional side and enamel surface was etched around orthodontic bracket for 15 seconds. After washing and air drying, pre-measured and uniform amounts of two components of light-curable fluoride varnish (Clinpro™ XT; 3M ESPE, Pymble, New South Wales, Australia) were mixed for 15 seconds. Consistent mix was then applied as a thin layer over the etched enamel surface with the aid of applicator brush and light-cured for 20 seconds. Clinpro™ XT varnish is a resin modified glass ionomer (RMGI) based on the patented methacrylate modified polyalkenoic acid. Patients were advised not to brush their teeth or chew food for at least 6 hours after varnish application. Routine oral hygiene instructions were given to each patient to maintain satisfactory oral hygiene, and non-fluoridated toothpaste was advised until the collection of the sample. Only one application was used and procedure was not repeated in any individual in both the groups. At respective interval of 45, 90, and 120 days, brackets were removed with careful debonding procedure and the premolars were extracted. The stainless steel blades of the debonding plier were placed in the bracket/ adhesive interface and a traction movement was performed. This was performed to ensure that no possible enamel micro-fracture around the bracket bases may occur. The teeth were cleaned and stored in 0.1% thymol solution at room temperature until they were further processed. Teeth were embedded in molds of selfcure acrylic resin to prevent fracture during thickness reduction. Buccolingual sections was made in the middle third of crown with a hard tissue microtome (SP1600; Leica, Nussloch, Germany). Then by hand grinding the thickness of the sections were reduced to 50-70 µm (Figure 1 ). The sections were measured after hard tissue sectioning and fixed with mounting media. Sections were seen for demineralized lesion under polarized light microscopy (Polarized Light Microscope BX51, Olympus, Japan) with xylene as the imbibed medium. Microphotographs of gingival half of the buccal surface were taken with fixed magnification of 25 times. Each demineralised lesion or section was divided into three thirds; gingival, middle and occlusal third and measured using Pro 2.5 Image Acquisition Software (Jenoptik AG, Germany). The mean of these three measurements was recorded as the mean depth of demineralization for that section ( Figure 2 ).
Outcomes (primary and secondary) and any changes after trial commencement
The primary outcome was demineralized enamel lesion depth (DELD) at the end of 45, 90, and 120 days. There were no outcome changes after trial commencement.
Sample size calculation
To determine the appropriate sample size, a statistical power of 90 per cent and an alpha error of 5 per cent was assumed. Based on the study of Schmit et al. (18) , a minimum of 7 teeth per time period (45, 90, and 120 days) in each group was required to detect a mean difference in enamel lesion depth of 43 and standard deviation of 24 in fluoride varnish and control group. Considering dropouts (expecting 20 per cent to be lost to follow-up) at least 9 teeth per time period in each group were needed. A minimum total of 54 teeth or 14 patients were required for the study. Additional subjects were recruited to increase the power of the study. This would also help us to compensate for loss of sample due to reasons other than the potential dropouts.
Interim analyses and stopping guidelines
Not applicable Randomization (random number generation, allocation concealment, implementation)
In the present split mouth design, the first premolar teeth in the right upper quadrant together with the contralateral quadrant in the opposing arch was randomly allocated to receive either conventional fluoride or light curable fluoride varnish. A simple complete randomization list using random allocation rule (restricted randomization) was computer generated to ensure equal distribution. After allocation of one intervention, the premolar teeth in the left upper quadrant together with the contralateral quadrant in the opposing arch received the other intervention which was not yet applied in the patient. The allocation was such that the diagonally opposite quadrant received the same treatment. Allocation concealment was not applied.
Blinding
All the procedure was performed by the same clinician and neither the clinician nor the patients were blinded to the intervention. Two oral pathologists who were not involved in active stage of trial evaluated the demineralized sections in a blinded manner.
Statistical analysis
Continuous variables are given as means ± standard deviations (SDs) and range, whereas categorical variables as number and/ or percentage of subjects. Kolmogorov-Smirnov normality test was applied to assess the distribution of data. As two teeth from each patient belong to each treatment group, a matched cluster design analysis was performed using mean values at the patient level. The mean difference in DELD, observed in two treatment clusters per time point, was analysed using a paired t-test. Intragroup comparison was also done by paired t-test. Statistical significance level was established at P < 0.05. Statistical analysis was performed using statistical package SPSS 21.0 for Windows (SPSS Inc., Chicago, IL, USA). 
Results
Baseline data
Baseline data of the patients are presented in Table 1 . Baseline demographics were similar among both the groups.
Numbers analysed for each outcome, estimation and precision, subgroup analyses Three patients were lost to follow-up and as many as 10 premolars were damaged during extraction and sectioning procedure. The final sample of 66 teeth distributed among two interventional groups were evaluated for enamel demineralization. At respective time points of 45, 90, and 120 days, the number of teeth that were evaluated for enamel demineralization in both the interventional groups were 27, 20, and 19, respectively. The number of clusters at each time points were 7, 7, and 6, respectively ( Table 2) .
The mean DELD, standard deviation, and standard error of measurements for each group are shown in Table 2 . No demineralized enamel lesion was found at the end of 45 days in both the intervention groups. The mean DELD for Duraphat™ group at 45, 90, and 120 days was 0 µm, 36.6 ± 2.12 µm and 58.5 ± 2.75 µm, respectively. In the Clinpro™ XT group, mean DELD was found to be 0 µm at all time periods. Kolmogrov-Smirnov test of normality showed a P value of 0.200 for data at 90 and 120 days for the Duraphat™ group, indicating that the data were normally distributed. So, we used a parametric test for comparative analysis. Mean difference between of DELD was 36.6 µm (95 per cent CI 34.61-38.55) and 58.5 (95 per cent CI 55.65-61.43) at 90 and 120 days, respectively (Table 2 ). Paired t-test for cluster level analysis showed significant differences (P < 0.001) in the DELD among the two interventional groups at 90 and 120 days, hence the null hypothesis was rejected (Table 2 ). Figures 4 and 5 are microphotographs of exemplary samples from the Duraphat™ and the Clinpro™ XT group at the end of 4 month study period. The former shows the disruption in continuity of the surface enamel layer whereas the latter group exhibits smooth and intact surface enamel layer. 
Harms
No harm or any perceivable adverse effect was observed in any patient in both the intervention groups.
Discussion
Main findings in the context of the existing evidence, interpretation
There is clear evidence to support the routine use of conventional fluoride varnish to prevent enamel demineralization during fixed appliance therapy (9, 10, (19) (20) (21) (22) . The major drawback with them is that repeated application is required to retain their anti-caries effect (23) . Light-curable fluoride varnish has been reported to be advantageous in this respect and recently it has been shown that it can significant bring down the number of such applications (16) . The present study is probably the first histologic study directly analysing the effect of the conventional and LCFV. It has been previously verified that enamel demineralization around orthodontic appliances usually occurs by the end of first month without any intervention (24) . In a prospective clinical study by Mehta et al. (16) , enamel demineralization around orthodontic appliance was visible at 30 days in the group that received no intervention. As in the current study, both the groups received some form of fluoride intervention therefore the first measurement was initiated at 45 days. The above contention was also true for the present study as no enamel demineralization was reported in any of the interventional group at the end of 45 days. In the Duraphat™ group, DELD was first observed at the end of 90 days and was found to be significantly increased both at 90 and 120 days from the baseline (Table 3 ). This suggest that with some intervention enamel demineralization is completely a preventable event at least for first 45 days after the placement of orthodontic appliances.
Effectiveness of conventional fluoride varnish
Perrini et al. (25) in a recent split-mouth study found that Duraphat™ when applied at an interval of 3, 6, 9, and 12 months did not significantly differ in enamel demineralization between treated and untreated teeth, except for anterior teeth. Though a tendency for greater remineralization was seen in the treated group. In another RCT, Du et al. (21) evaluated the efficacy of Duraphat™ fluoride varnish application at 3 and 6 months after fixed orthodontic treatment and found it to be effective in reversal of WSLs. Both the studies assessed demineralization using DIAGNOdent (DD Pen, KaVo, Bierach an der Riss, Germany). The difference in the two studies could be due to the fact that the former used three and six monthly applications for up to 12 months while the latter used monthly application to maintain its remineralizing effect. In addition, the former study aimed to prevent the development of WSL during treatment while the latter aimed to resolve WSLs after orthodontic treatment. The results of both the above mentioned studies cannot be directly compared to the present study because of the dissimilar methods of assessment. Nonetheless, the point that emerges from the ongoing debate is that single application of conventional fluoride varnish such as Duraphat™ offers adequate protection for a short duration against development or resolving of WSLs. If protection for a longer duration is desired then repeated application probably after every one or one and half month is required to maintain its remineralizing effect during fixed appliance therapy. The possible anti-caries property of sodium fluoride varnish such as Duraphat™ appears to be is that it interacts with enamel resulting in the formation of calcium fluoride on the tooth surface, providing a fluoride reservoir for protection against cariogenic acid attack.
Effectiveness of light-curable fluoride varnish
On the other hand, surprising results were found in the LCFV group in which no DELD was observed in the entire duration of the study. We could locate only one in vivo study on LCFV that used histologic sections to analyse demineralization. The results of present study are quite similar to that of Mehta et al. (16) in which no demineralized enamel lesions were detected in the majority of the teeth for up to 4 months in the LCFV group. In another study, Kumar Jena et al. (17) evaluated the efficacy of Clinpro™ XT in the prevention of WSLs during early orthodontic treatment with fixed appliances. WSLs were recorded before and approximately 6 months following varnish application using DIAGNOdent and direct visual inspection. DIAGNOdent Table 1 . Baseline data of participants of the two study groups.
Demographic characteristics
Subjects in both group (n = 22)
Age, Mean ± SD 16.3 ± 2.35 Sex, Male/Female, n (%) 9/13, (41/59) n = number of participants; SD, standard deviation. score was increased significantly in the control teeth and visual score decreased significantly in interventional teeth. They concluded that Clinpro™ XT had modest beneficial effect in prevention of WSLs during orthodontic treatment. DIAGNOdent reading should be read carefully as it is susceptible to be affected by calculus, stains, and plaque. On the contrary, in the present study DELD were observed in histologic sections under polarized light microscopy and hence should be considered more reliable than other methods. Clinpro™ XT possibly provides a burst of fluoride released during the first several days after placement, and also long term sustained fluoride release over the life of the coating. The fluoride resides in fluoroaluminosilicate glass particles: reaction at the surface provides the immediate release, while the interior provides a reservoir of fluoride for sustained release.
Overall benefits of the current research and future directions Present study offers threefold advantages; Firstly, it aims at prevention of occurrence of WSL; secondly, in vivo study simulates the same oral environment that exists during fixed orthodontic treatment with the assumption that the patients were not using fluoridated toothpaste during that period; thirdly, DELD was measured using histologic sections which are considered as gold standard. Another added advantage of the present split-mouth study is that no carry-across effects are expected with professional fluoride varnish application which is usually anticipated in a trial of fluoride rinses or dentifrices. The current study also supports previous researches (23, 24) that conventional fluoride varnishes offers complete protection for up to 6 weeks. The pertinent point here is that the frequency of applications of fluoride varnish seems to decrease by almost threefold with LCFV as compared to conventional fluoride varnish and this should draw the attention of many orthodontic practitioners. However, one significant advantage of Duraphat™ over Clinpro™ XT is that it requires no acid etching prior to its placement which in turn reduces chair side time.
At present two types of in vivo studies are being conducted to check the efficacy of different fluoride delivery methods. One that aims to prevent the formation of WSLs (during the phase of active orthodontic treatment) and the other that focusses on resolving of WSLs (after completion of orthodontic treatment, during retention phase). Perhaps, this is the major reason of having widespread or non-uniform results among various studies. The current study did not focus on the curative effect of fluoride varnish on the WSL that are visible after the removal of fixed appliance. There is considerable debate whether fluoride preparations have any therapeutic effect in resolving the WSLs or not. Many authors have recommended low dose fluoride preparations to enhance surface remineralisation after removal of the appliance (26, 27) . However, few studies have also suggested that lesions do decrease with time particularly during first 6 months without any intervention (28, 29) . In future, research focussing both on preventive as well as curative aspect with similar method of assessments should be undertaken in order to standardize the method of delivery of fluoride application. A reasonable subsequent step might be to acquire a larger sample size and conduct more randomized clinical trials to directly compare outcomes of the two interventions.
Limitations
Firstly, our study was open label study but as the assessor was blinded, the observer bias with regard to measurement of demineralization Intra-group comparison in Duraphat™ clusters at 90 and 120 days as compared to baseline was done by Paired t-test; P < 0.05 was considered to be significant; N = number of clusters at 90 and 120 days. depth is ruled out. Secondly, randomization was not concealed which in turn can increase the chances of selection bias. We believe that since both the interventions were received by all patients non concealment should not have affected the outcome. Thirdly, the observation period of this study was set at 4 months. We think this is usually the maximum wait period for an orthodontic patient requiring extractions as this is the initial alignment and levelling phase. Any further delay in extractions in an orthodontic patient for the research purpose raises serious ethical issues. It would have been ideal to access the role of fluoride varnish until the end of fixed appliance therapy but this is not possible with a histologic study. Single application of LCFV was effective for at least 4 months and whether it can be effective beyond four months could not be verified. Lastly, application of varnishes whether conventional or light-curable will inevitably increase chair side time and other methods addressing this problem should be searched.
Generalizability
As the study was sufficiently powered, the results can be generalized. However, it was conducted primarily in a South Indian setting at a single centre and that generalizability to other populations is unknown. So a multi-centric study with large sample size could further validate the result of our study.
Conclusions
1. The results of this RCT showed there is clear evidence that single application of LCFV prevents enamel demineralization for up to 120 days while conventional fluoride varnish prevents the same for 45 days during fixed appliance therapy. 2. LCFV can be a preferred fluoride delivery method especially in non-compliant and high risk patients.
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